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FLOW CONTROL VALVE ASSEMBLY FOR 
MASS FLOW CONTROLLER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to ?uid valve assemblies, 
and more particularly to a ?oW control valve assembly for a 
?oW controller Which can measure and control the mass ?oW 

of gases. 

2. Description of the Related Art 
The measurement and control of the mass ?oW of gases is 

important in many industries. During the manufacture of 
semiconductor chips, for example, many of the processes 
require precise reaction of tWo or more gases under carefully 
controlled conditions. Since chemical reactions occur at the 
molecular level, control of mass ?oW is the most direct Way 
to regulate the absolute and relative quantities of gaseous 
reactants. 

There have been developed in the art a variety of instru 
ments for measuring the mass ?oW rate of gases from less 
than one standard cubic centimeter(s) per minute (seem) to 
more than 500,000 seem. The prevalent design of such 
instruments requires that ?oWing gas be routed through a 
sensor assembly, Where the mass ?oW is measured, Which 
includes a capillary tube around Which are Wound tWo 
resistance thermometers as identical as possible in electrical 
and mechanical characteristics. Each thermometer is Wound 
in a tight coil in thermal communication With the outer 
surface of the tube. The thermometers form tWo legs of an 
electronic bridge; the other tWo legs are usually ?xed 
resistors. When a voltage is applied across the bridge, 
current ?oWs through each thermometer, causing it to self 
heat. When there is no ?oW of gas through the capillary tube, 
the thermometers heat up identically. As gas begins to ?oW 
through the tube, the gas ?rst cools the upstream thermom 
eter and then the doWnstream thermometer, Which is cooled 
less because the gas is noW slightly Warmer due to heating 
by the upstream thermometer. The resultant temperature 
differential is a function of both the mass ?oW rate and the 
properties of the particular gas. 

After passing through the sensor assembly, the gas ?oWs 
through a valve assembly Which precisely controls the mass 
?oW of the gas. In existing valve assemblies, the valve 
element typically may be either a ball that cooperates With 
a conical seat or a ?at plate adapted to engage a raised and 
rounded scat. Balls are preferred because they are usually 
less expensive, simpler and more precise than ?at plates. 
This is because there is a large supply of loW cost standard 
balls made to a sphericity of 10 millionths of an inch or 
better on modern ball grinding machines. Also, it is very 
easy to produce ball seats to similar tolerances using simple 
coining techniques or commercially available jeWels. 
Conversely, ?at valve elements are specially made and do 
not bene?t from standardiZation. The raised and rounded 
seats used for ?at valves are dif?cult to make and even more 
dif?cult to repair if physically damaged. 

In any case the valve element and seat must be sealed 
from impurities in the external atmosphere. This is some 
times accomplished by either a ?exible diaphragm or bel 
loWs Welded in place. Gas ?oW is controlled by an external 
actuator operable to press on the ?exible member to seat the 
valve element and thereby close the valve. Differential gas 
pressure or a spring provides the opening force. 
Some semiconductor manufacturing processes, such as 

ion implantation, require that precise small portions of gas 
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2 
be admitted into a vacuum chamber, so the mass ?oW 
controller must be able to operate at very loW pressure. 
Other processes require gases at high inlet pressures. Thus, 
there is a need for a valve assembly Which can operate 
reliably and precisely over a Wide range of ?oW rates and 
system pressures. 

In the manufacture of semiconductor devices, and espe 
cially those having features of one micron or less, the 
reactant gas must not only be carefully controlled but also 
completely free from contaminants. Particles such as dust, 
metal and lint, vapors from moisture, solvents and oil, and 
contaminant gases such as air and extraneous process gases 
can spoil the products. It is therefore important that the ?oW 
passages used in mass ?oW controllers neither trap such 
contaminants and subsequently release them to the gas 
stream, nor generate contaminants during calibration and 
operation. 

Typically, friction causes gas valves to deteriorate and 
generate undesirable small particles Which contaminate the 
reactant gases. One source of contamination in existing gas 
valves is the frictional engagement betWeen the ball valve 
and the Walls of the guiding members retaining the ball. 
Particles thus generated may become trapped in the pocket 
surrounding the ball and resist removal by purge gases 
periodically introduced to sWeep the gas path. Also, When 
valves are used as part of a control system to regulate the 
?oW of gases, friction and particulate matter can cause 
undesirable hysteresis in the control system. 
US. Pat. No. 5,165,655 (“655”), entitled “FloW Control 

Valve Assembly Minimizing Generation and Entrapment of 
Contaminants,” Which is incorporated herein by reference in 
its entirety, discloses four embodiments of a valve assembly 
including a valve element retainer permitting alignment 
betWeen a ball valve element and its seat, While minimiZing 
friction and the generation and entrapment of particles 
Which could affect the chemical process or impede ball 
motion. In all the embodiments, the inlet port through Which 
gas enters the valve assembly terminates in a valve seat, and 
the ball is either loosely coupled or rigidly attached to a ?rst 
portion of a ?exible retainer Which guides the motion of the 
ball, relative to the seat, betWeen its open and closed 
positions. A second portion, extending from the ?rst, is 
rigidly attached to the valve assembly body. 

Although the retainers in these embodiments can provide 
substantial radial restraint on a ball element to maintain 
alignment, it Was found impractical to hold the manufactur 
ing tolerances on elements close enough for the valve 
assemblies to Work reliably. Another shortcoming of these 
embodiments is that With the ball in the normal (closed) 
position, contaminant deposits tend to build up on the ball 
loWer surface and seat at the small space betWeen the ball 
and seat so that the ball adheres to the seat. Particularly 
troublesome is tungsten hexa?uoride (W136) gas Which 
reacts With minute traces of Water vapor to form tungsten 
tetra?uoride (WF4), Which solidi?es to form a strong glue. 
It Was found that if the retainer has a loW spring rate, to alloW 
self-centering, it is too Weak to break the adhesive bond, 
necessitating a blast of high pressure gas to free the ball. If 
a spring to lift the ball is not provided, in some applications 
Where the mass ?oW controller is interposed betWeen an 
adsorption-type storage container of process gas and a 
vacuum chamber, gas typically Will cease ?oWing When the 
inlet pressure falls beloW 2 Torr, because that much pressure 
is needed to lift the ball off the seat. Because the amount of 
gas in such containers varies non-linearly With pressure, it is 
essential to be able to operate at the loWest possible pressure 
to avoid Wasting gas and having frequent shutdoWns. 
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It is therefore an overall object of the present invention to 
provide a valve assembly for a mass ?oW controller Which 
can, over a Wide range of system pressures doWn to a hard 
vacuum, measure and control the mass ?oW rates of gases 
used in semiconductor fabrication processes. 
A more speci?c object of the invention is to provide a 

valve assembly Wherein a ball valve element can be pre 
cisely and reproducibly centered Within a valve seat. 
A further object of the invention is to provide a valve 

assembly in Which hysteresis due to valve element friction 
is minimiZed. 

Still another object of the invention is to provide a valve 
assembly for a mass ?oW controller Which can admit into a 
high-vacuum chamber substantially all the adsorbed gas 
stored in a container. 

Other objects of the invention Will become evident When 
the folloWing description is considered With the accompa 
nying draWings. 

SUMMARY OF THE INVENTION 

These and other objects are met by the present invention 
Which in one aspect provides a combination in a ?uid valve 
assembly Which includes a valve body having a cavity and 
inlet and outlet passages in ?uid communication With the 
cavity. The cavity is determined by a circumferential side 
Wall and a bottom Wall. The side Wall has a circumferential 
lip parallel to and at a preselected height above the bottom 
Wall. The inlet passage opens into the cavity at an inlet port 
in the bottom Wall, and the inlet port has a valve seat With 
a circular aperture. The combination further includes a 
spherical valve element Within the cavity adapted to engage 
the seat to thereby close the inlet port. The valve element is 
displaceable relative to the aperture betWeen an open posi 
tion determined by a preselected separation betWeen the 
element and aperture, and a closed position Wherein the 
element engages the seat, thereby closing the inlet port. 

The combination further includes means for providing an 
upWard force on the valve element at any position betWeen 
and including the open and closed positions[, and means for 
keeping the valve element aligned With the valve seat at any 
position betWeen the open and closed positions. The com 
bination further includes means for alloWing the valve 
element to center itself in the seat, and means for reducing 
pressure drop in the outlet passage]. 

In another aspect the invention provides a combination in 
a ?uid valve assembly Which includes a valve body having 
a cavity and inlet and outlet passages in ?uid communication 
With the cavity. The cavity is determined by a circumferen 
tial side Wall and a bottom Wall. The side Wall has a 
circumferential lip parallel to and at a preselected height 
above the bottom Wall. The inlet passage opens into the 
cavity at an inlet port in the bottom Wall, and the inlet port 
has a valve seat With a circular aperture. The combination 
further includes a spherical valve element Within the cavity 
adapted to engage the seat to thereby close the inlet port. The 
valve element is displaceable relative to the aperture 
betWeen an open position determined by a preselected 
separation betWeen the element and aperture, and a closed 
position Wherein the element engages the seat, thereby 
closing the inlet port. 

The combination further includes means for aligning the 
valve element With the valve seat at any position betWeen 
and including the ?rst and second positions. The means 
includes means for alloWing the valve element to center 
itself in the valve seat as the valve element approaches the 
closed position. 
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4 
In still another aspect the invention provides a combina 

tion in a ?uid valve assembly Which includes a valve body 
having a cavity and inlet and outlet passages in ?uid 
communication With the cavity. The cavity is determined by 
a circumferential side Wall and a bottom Wall. The side Wall 
has a circumferential lip parallel to and at a preselected 
height above the bottom Wall. The inlet passage opens into 
the cavity at an inlet port in the bottom Wall, and the inlet 
port has a valve seat With a circular aperture. The combi 
nation further includes a spherical valve element Within the 
cavity adapted to engage the seat to thereby close the inlet 
port. The valve element is displaceable relative to the 
aperture betWeen an open position determined by a prese 
lected separation betWeen the element and aperture, and a 
closed position Wherein the element engages the seat, 
thereby closing the inlet port. 
The combination further includes means for reducing 

pressure drop in the outlet passage. 
In yet another aspect the invention provides a ?uid valve 

assembly including a valve body having a cavity and ?uid 
inlet and outlet passages communicating With the cavity. The 
cavity is determined by an open side, a circumferential side 
Wall and a bottom Wall. The side Wall has a circumferential 
lip parallel to and at a preselected height above the bottom 
Wall. The inlet passage opens into the cavity at an inlet port 
in the bottom Wall Which has a valve seat With a circular 
aperture Which is at a preselected distance from the bottom 
Wall. The valve assembly further includes a ?exible dia 
phragm across the open side of the cavity Which seals and 
isolates the cavity. The diaphragm has an internal surface 
facing the cavity, and an external surface. The valve assem 
bly further includes a ball valve element Within the cavity, 
betWeen the valve seat and diaphragm internal surface, 
Which is continuously displaceable relative to the seat aper 
ture betWeen an open position determined by a preselected 
separation betWeen the ball and aperture, and a closed 
position Wherein the ball engages the seat. Displacement of 
the ball When not in the open position is constrained by 
contact betWeen the diaphragm inner surface and the ball. 
The valve assembly further includes an actuator operatively 
associated With the diaphragm exterior surface Which is 
movable to de?ect the diaphragm and displace the ball from 
the open position. The valve assembly further includes a 
planar, circular spring having a central hole in Which the ball 
sits, and a plurality of slots extending radially from the hole. 
The spring has a circumferential outer portion, circum 
scribed by the side Wall, Which has a loWer surface resting 
freely on the lip. There is an annular clearance betWeen the 
spring and side Wall. 

These and other features and advantages of the invention 
Will become further apparent from the detailed description 
that folloWs, Which is accompanied by draWing ?gures. In 
the ?gures and description, numerals indicate the various 
features of the invention, like numerals referring to like 
features throughout both the draWings and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side elevation vieW, in cross section, 
of a valve assembly incorporating the features of the present 
invention, including a positioner spring to lift a ball valve 
element from its valve seat. 

FIG. 2 is a top plan vieW of the FIG. 1 spring. 
FIGS. 3 and 4 are side elevation vieWs, in cross section, 

of a portion of the FIG. 1 valve assembly shoWing the ball 
in its open and closed positions, respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

While the present invention is open to various modi?ca 
tions and alternative constructions, the preferred embodi 
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ment shown in the drawings Will be described herein in 
detail. It is to be understood, hoWever, there is no intention 
to limit the invention to the particular form disclosed. On the 
contrary, it is intended that the invention cover all 
modi?cations, equivalences and alternative constructions 
falling Within the spirit and scope of the invention as 
expressed in the appended claims. Structural and functional 
details are not necessarily to be interpreted as limiting, but 
as a basis for the claims. For example, While the valve 
assembly of the present invention is described With regard to 
mass ?oW control instrumentation, the assembly may also be 
incorporated into volume ?oW instrumentation or into any 
device Where it is desired to take advantage of its ?oW 
regulation characteristics and freedom from hysteresis. 

Referring to FIG. 1, a valve assembly 10 in accordance 
With the invention includes a valve body 12 having a cavity 
14 determined by a doWnWardly tapering circumferential 
side Wall 16 and a bottom Wall 18. The valve body includes 
a gas inlet passage 20 and a gas outlet passage 22. Inlet 
passage 20 communicates With the cavity 14 at an inlet port 
24 in the central portion of the bottom Wall 18. Port 24 is 
circumscribed by a valve seat 26 for receiving a spherical 
ball valve element 28 adapted to engage the seat 26 Whose 
circular aperture 26A may be, by Way of example, sharp 
edged or generally conical to at least substantially conform 
to the contour of ball 28. 

Side Wall 16 includes a circumferential lip 32 disposed 
generally parallel and proximate to the bottom Wall 18. A 
?at, generally circular, disc-shaped positioner spring 34 
made of a metallic alloy has a circumferential outer portion 
35 Whose loWer surface 35L contacts lip 32. Surface 35L is 
not rigidly attached to lip 32 so that the spring is free to 
move radially to alloW the ball to center itself in the seat. 
Preferably, spring 34 is made of a corrosion resistant nickel 
alloy such as type 316 stainless steel. By Way of example, a 
typical spring has a diameter of 0.46-inch and a thickness of 
0.005-inch. As shoWn in FIG. 2, spring 34 has therethrough 
a central circular hole 36 extending radially into four sym 
metrically disposed slot-shaped openings bounded distally 
by outer portion 35, Whose purpose is to alloW gas to ?oW 
freely into outlet passage 22. Alternatively, other numbers 
and shapes of openings can be used, provided the resiliency 
of the spring is maintained. The center of hole 36 is directly 
over the center of seat 26, i.e., a line determined by the tWo 
center points is orthogonal to the parallel planes determined 
by hole 36 and seat aperture 26A, and also is orthogonal to 
the bottom Wall 18. The diameter of hole 36 is slightly 
smaller than the diameter of ball 28 so that a portion of the 
ball protrudes beloW the spring When the ball is received 
Within the hole. Preferably, the ball is made of a hard 
material such as a ceramic, synthetic ruby or sapphire, or 
stainless steel. By Way of example, a typical ball has a 
diameter of 0.1875-inch (4.72 

Referring again to FIG. 1, cavity 14 is closed by an 
isolating, ?exible diaphragm 40 having an internal surface 
40L facing the cavity and an external surface 40U. Dia 
phragm 40 is generally planar When unstressed by an 
external force. The diaphragm is Welded or otherWise 
secured along a junction 42 to a surface of the valve body 
surrounding the cavity 14 to form a gas-tight seal and 
thereby isolate the cavity, the passages 20 and 22, the ball 
valve element 28 and the seat 26 from the outside atmo 
sphere. Valve assembly 10 may be normally open or nor 
mally closed. The valve assembly is operated by an actuator 
44 having a plunger 46 bearing against surface 40U of the 
diaphragm. 

FIG. 3 shoWs the open position. Ball 28 is held open 
against surface 40L by the upWard force of spring 34. The 
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6 
diameters of the ball and hole 36 are selected so that With the 
ball disposed Within the hole there is a predetermined space, 
typically about 0.004-inch, betWeen valve seat 26 and the 
circumferential Zone on the ball’s surface determined by the 
horiZontal small circle nearest to the seat. ArroW indicia 
indicate the direction of ?oW. In contrast to the embodiments 
of the ’655 patent in their open position, spring 34 provides 
an upWard opening force on the ball over its entire stroke. 
The desired space to be maintained betWeen the ball and seat 
is achieved by preselecting the height of the lip 32 above 
bottom Wall 18, and by choosing a stainless steel gauge 
Which alloWs spring 34 to be resilient yet alloWs the ball to 
center itself With respect to seat 26. Also unlike the ’655 
embodiments Where all the gas entering the cavity 14 can 
only ?oW betWeen the ball and seat and around the ball, the 
present invention alloWs gas to also ?oW through the open 
ings 38, thereby reducing pressure drop in outlet passage 22. 

FIG. 4 shoWs the closed position. Plunger 46 exerts a 
predetermined pressure on surface 40U causing diaphragm 
40 to ?ex inWardly so that surface 40L pushes against the 
topmost point of ball 28, thereby exerting a doWnWard force 
on the ball Which is transferred to spring 34 causing it to ?ex 
doWnWardly so that the separation betWeen ball 28 and seat 
26 decreases. Depending on the amount of pressure applied 
by the plunger, the ?oW of gas is either reduced or com 
pletely shut off. In contrast to the embodiments of the ’655 
patent, the ball tends to remain precisely aligned relative to 
the seat because the centers of hole 36 and seat aperture 26A 
maintain their alignment due to the force of the spring 
against the ball, and the resultant radial frictional forces 
betWeen loWer surfaces 35L and lip 32. 
What is claimed is: 
1. In a ?uid valve assembly, the combination comprising: 
a valve body having a cavity and ?uid inlet and outlet 

passages communicating With the cavity, the cavity 
determined by a circumferential side Wall and a bottom 
Wall, the side Wall having a circumferential lip disposed 
generally parallel to and at a preselected height above 
the bottom Wall, the inlet passage opening into the 
cavity at an inlet port in the bottom Wall, the inlet port 
having a valve seat With a generally circular aperture; 

a generally spherical valve element of a preselected 
diameter disposed Within the cavity and adapted to 
engage the seat to thereby close the inlet port, the valve 
element displaceable relative to the aperture betWeen a 
?rst (open) position determined by a preselected sepa 
ration betWeen the element and aperture, and a second 
(closed) position Wherein the element engages the seat, 
thereby closing the inlet port; and 

means for providing an upWard force on the valve element 
at any position betWeen and including said ?rst and 
second positions. 

2. The combination of claim 1, Wherein: 
said means for providing an upWard force on the valve 

element comprises a generally planar, generally circu 
lar spring having therethrough a central circular hole of 
a preselected diameter less than the diameter of the 
valve element, and a circumferential outer portion With 
a loWer surface, said outer portion bounded by a 
generally circular rim circumscribed by said side Wall, 
said loWer surface contacting said circumferential lip, 
the valve element disposed Within the hole. 

3. The combination of claim 2, Wherein the valve element 
is a ball made of a material selected from the group 
consisting of ceramic, synthetic ruby, synthetic sapphire, 
and stainless steel. 
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4. The combination of claim 2, wherein the spring is made 
of a stainless steel alloy. 

5. A ?uid valve assembly comprising: 
a valve body having a cavity and ?uid inlet and outlet 

passages communicating With the cavity, the cavity 
determined by an open side, a circumferential side Wall 
and a bottom Wall, the side Wall having a circumfer 
ential lip disposed generally parallel to and at a prese 
lected height above the bottom Wall, the inlet passage 
opening into the cavity at an inlet port in the bottom 
Wall, the inlet port having a valve seat With a generally 
circular aperture, the plane of the aperture at a prese 
lected distance from the bottom Wall; 

a ?exible diaphragm disposed across the open side of the 
cavity to seal and isolate the cavity, the diaphragm 
having an internal surface facing the cavity, and an 
external surface; 

a ball valve element disposed Within the cavity betWeen 
the valve seat and the internal surface of the diaphragm, 
the ball having a preselected diameter and being con 
tinuously displaceable relative to said aperture betWeen 
a ?rst (open) position determined by a preselected 
separation betWeen the ball and aperture, and a second 
(closed) position Wherein the ball engages the valve 
seat, displacement of the ball When not in the open 
position being constrained by contact betWeen the 
diaphragm inner surface and the ball; 

an actuator operatively associated With the exterior sur 
face of the diaphragm, the actuator being movable to 
de?ect the diaphragm and displace the ball from the 
open position; and 

a generally planar, generally circular spring having there 
through a central circular hole of a preselected diameter 
less than the diameter of the ball and a symmetrically 
disposed plurality of slots extending radially from the 
hole, and a circumferential outer portion With a loWer 
surface, the outer portion bounded by a generally 
circular rim, the ball disposed Within the hole, the outer 
portion circumscribed by the side Wall, said loWer 
surface resting freely on the lip, a generally annular 
clearance betWeen the rim and side Wall. 

6. The valve assembly of claim 5, Wherein the ball is made 
of a material selected from the group consisting of ceramic, 
synthetic ruby, synthetic sapphire, and stainless steel. 

7. The valve assembly of claim 5, Wherein the spring is 
made of a stainless steel alloy. 

8. The valve assembly of claim 7, Wherein said alloy 
comprises nickel. 

9. The valve assembly of claim 5, Wherein said plurality 
of slots is four. 

10. The valve assembly of claim 5, Wherein said separa 
tion betWeen the ball and seat aperture When the ball is in the 
open position is about 0.004-inch. 

11. In a ?uid valve assembly, the combination comprising: 
a valve body having a cavity and ?uid inlet and outlet 

passages communicating With the cavity, the cavity 
determined by a circumferential side Wall and a bottom 
Wall, the side Wall having a circumferential lip disposed 
generally parallel to and at a preselected height above 
the bottom Wall, the inlet passage opening into the 
cavity at an inlet port in the bottom Wall, the inlet port 
having a valve seat With a generally circular aperture; 

a generally spherical valve element of a preselected 
diameter disposed Within the cavity and adapted to 
engage the seat to thereby close the inlet port, the valve 
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8 
element displaceable relative to the aperture betWeen a 
?rst (open) position determined by a preselected sepa 
ration betWeen the element and aperture, and a second 
(closed) position Wherein the element engages the seat, 
thereby closing the inlet port; and 

means for aligning the valve element With the valve seat 
at any position betWeen and including said ?rst and 
second positions, said means including means for 
alloWing the valve element to center itself in the valve 
seat as the valve element approaches said second 
position. 

12. The combination of claim 11, Wherein: 
said means for aligning the valve element comprises a 

generally planar, generally circular spring having there 
through a central circular hole of a preselected diameter 
less than the diameter of the valve element, and a 
circumferential outer portion With a loWer surface, said 
outer portion bounded by a generally circular rim 
circumscribed by said side Wall so that there is an 
annular clearance betWeen the rim and side Wall, said 
loWer surface resting freely on said circumferential lip 
so that the spring is free to move radially, the valve 
element disposed Within the hole. 

13. The combination of claim 12, Wherein the spring is 
made of a stainless steel alloy. 

14. The combination of claim 12, Wherein the valve 
element is a ball made of a material selected from the group 
consisting of ceramic, synthetic ruby, synthetic sapphire, 
and stainless steel. 

15. In a ?uid valve assembly, the combination compris 
ing: 

a valve body having a cavity and ?uid inlet and outlet 
passages communicating With the cavity, the cavity 
determined by a circumferential side Wall and a bottom 
Wall, the side Wall having a circumferential lip disposed 
generally parallel to and at a preselected height above 
the bottom Wall, the inlet passage opening into the 
cavity at an inlet port in the bottom Wall, the inlet port 
having a valve seat With a generally circular aperture; 

a generally spherical valve element of a preselected 
diameter disposed Within the cavity and adapted to 
engage the seat to thereby close the inlet port, the valve 
element displaceable relative to the aperture betWeen a 
?rst (open) position determined by a preselected sepa 
ration betWeen the element and aperture, and a second 
(closed) position Wherein the element engages the seat, 
thereby closing the inlet port; and 

means for reducing pressure drop in said outlet passage. 
16. The combination of claim 15, Wherein: 
said means for reducing pressure drop comprises a gen 

erally planar, generally circular spring having there 
through a central circular hole of a preselected diameter 
less than the diameter of the valve element, and a 
circumferential outer portion With a loWer surface, said 
outer portion bounded by a generally circular rim 
circumscribed by said side Wall, said loWer surface 
contacting said circumferential lip, the spring having 
therethrough a plurality of openings disposed betWeen 
the central hole and spring outer portion, the valve 
element disposed Within the hole. 

17. The combination of claim 16, Wherein the spring is 
made of a stainless steel alloy. 

18. The combination of claim 16, Wherein said openings 
are slots extending radially from the central hole. 

* * * * * 
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